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Background 

❏  Low- and intermediate-mass evolved stars (1-8 M¤) in the transition from the 
late AGB (Asymptotic Giant Branch) phase to the PN (planetary nebula) stage 
are among the brightest sources in the sky in the infrared, before they become 
white dwarfs 

❏  Strong mass loss (10-4 – 10-5 M¤/yr) as a consequence of periodic thermal 
pulses at the end of the AGB generates thick circumstellar shells of gas and 
dust, which sometimes completely obscure the light coming from the central 
star in the optical, associated to high velocity outflows that can help developing 
bipolar/complex morphologies 

OPTICAL INFRARED 



Pedro GARCIA-LARIO SSW#10, 13-15 November 2017, Aranjuez 

Evolved stars and astrochemistry 

❏  Chemical composition of the shell reflects the nucleosynthesis experienced by 
the central star. Of major importance here is the C/O ratio, as it determines 
the formation of totally different chemical species and dust grains (C-rich vs. 
O-rich chemistry) 

❏  Previously studied with ISO/SWS, Spitzer/IRS and AKARI/IRC , mainly  at mid-
infrared wavelengths, resulting in significant progress on the understanding of 
how molecules form and evolve to complex structures (e.g. PAHs, fullerenes) 
and the detection of many new dust features (crystalline silicates, HACs, ..) 

O-rich C-rich 
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Schematic view of an AGB star 
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What can we learn with Herschel?   

❏  Extend the analysis to far-infrared wavelengths at higher resolution and more 
extended coverage in wavelength than other facilities in the past (mainly ISO/
LWS: 43-197µm), providing complementary information to what can be 
obtained from ground-based sub-mm facilities (IRAM, JCMT, .. ALMA more 
recently). 

 
 
 
❏  All instruments onboard Herschel can contribute: PACS (57-210µm, with 

R=1000-5000), SPIRE (194-672µm, with R=40-1000) and HIFI (157-212µm, 
240-625µm with R as high as 107!) 
–  Thermal continuum emission of the cool dust component – mass loss history 
–  Important molecular lines (CO, OH, H2O,..) – specially those formed at the warm 

inner layers of the shell 
–  Solid state dust spectral features – extension of ISO/Spitzer findings 
–   Kinematics, from HIFI spectroscopy – high velocity outflows  
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❏  A catalogue of fully reprocessed, homogenously reduced PACS/SPIRE spectra 
of all evolved stars observed with Herschel (for PACS: 220 observations, 
corresponding to 114 individual sources, originally part of 44 different research 
programmes); SPIRE catalogue is in preparation 

❏  Covering the whole evolutionary stage from the AGB to the PN stage, including 
some massive red supergiants and LBVs, all chemistries 

 
❏  Complemented with ancillary data 
     taken by other facilities (IRAS,  
     AKARI photometry, ISO LWS  
     spectroscopy when available)  
      
❏  PACS spectra are publicly available 
     through a dedicated web interface 
     and soon also through the Herschel 
     Science Archive as a UPDP 
         (Ramos-Medina et al. 2017) 

– SRE Inter-Departamental Workshop, 8-9 Nov 2012 - Volendam, NL 

THROES: A caTalogue of HeRschel 
Observations of Evolved Stars 
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THROES: A caTalogue of HeRschel 
Observations of Evolved Stars 
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THROES: a science-ready library of 
interactively reduced Herschel spectra 
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THROES: a science-ready library of 
interactively reduced Herschel spectra 

O-rich molecular line sources 
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THROES: a science-ready library of 
interactively reduced Herschel spectra 

C-rich molecular line sources 
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Spectral feature catalogues  
under construction (PACS/SPIRE) 

PACS 

Hopwood et al. 2017 (in prep.) 

Ramos-Medina et al. 2018 (in prep.) 
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Spectral feature catalogues  
under construction (PACS/SPIRE) 

PACS 

SPIRE 

Hopwood et al. 2017 (in prep.) 
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Molecules in O-rich AGB stars 

 
q   Most O-rich AGB stars observed  
     display high-J CO lines + many  
      ortho- and para- lines of warm 
      water vapour  
 
q  Indications of shock  chemistry 

induced by stellar pulsation 

q  Rotational diagrams of CO and H2O 
sometimes cannot be fit with one 
single temperature component 

 
q  Different lines form at different 

regions of the envelope 

q  Surprisingly, many similarities with 
C-rich AGB stars! 
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Molecules in C-rich AGB stars 

q   Detection of warm water vapour 
also in C-rich AGB stars 

q  Produced via photochemical 
processes in the outer envelope or in 
the inner regions if the shell is 
clumpy enough (Decin et al. 2010) 

      
q  Alternative scenario: an out-of-

equilibrium shock chemistry in the 
inner regions of the circumstellar 
shell (Cherchneff 2011) 

q  Water vapour is now detected in ALL 
     (but one) C-rich stars observed by 
     Herschel 

q  Abundances anticorrelated with 
mass loss rate (Lombaert et al.  
2016) 



Pedro GARCIA-LARIO SSW#10, 13-15 November 2017, Aranjuez 

PACS/SPIRE CO rotational diagrams 

–   
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PACS/SPIRE CO rotational diagrams 

–   
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PACS/SPIRE CO rotational diagrams 

–   
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PACS/SPIRE CO rotational diagrams 

–   
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Other spectroscopic results (HIFI) 

❏  Detection of time variability in 
the intensity of (some) 
molecular lines in IRC+10216 
driven by infrared pumping 
rates (Cernicharo et al. 2014)  

❏  Confirmed with IRAM 30m 
data, monitoring program 
ongoing for 3 years now (2 
pulsation cycles) 
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Other spectroscopic results (HIFI) 

❏  HIFI observations of the high 
rotational CO transitions + 
ground based CO and 
observations of different water 
molecule isotopes in extreme 
OH/IR stars  

❏  Low 18O/17O and 12C/13C ratios 
confirm that these objects 
have undergone HBB and 
hence they are the result of 
the evolution of massive stars 
(M> 5 MΘ) 

          (Justtanont et al. 2013) 
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Molecular lines in post-AGB stars 
(IRAS 16594-4656) 
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Molecular lines in post-AGB stars 
(IRAS 16594-4656) 

– 
H

2O
 

[O
I] 

–  
O

H
 

–  
O

H
 

–  
O

H
 

–  
O

H
 

–  
12

C
O

 3
3-

32
 

–  
12

C
O

 3
2-

31
 

– 1
2 C

O
 3

1-
30

 
–  

O
H

 

–  
12

C
O

 3
0-

29
 

–  
12

C
O

 2
9-

28
 

–  
12

C
O

 2
8-

27
 

–  
O

H
 

–  
12

C
O

 2
7-

26
 

–  
O

H
 



Pedro GARCIA-LARIO SSW#10, 13-15 November 2017, Aranjuez – SRE Inter-Departamental Workshop, 8-9 Nov 2012 - Volendam, NL 

Molecular lines in post-AGB stars 
(IRAS 16594-4656) 
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Molecular lines in young PNe 
(Hen 2-113) 
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Molecular lines in young Pne  
(Hen 2-113) 
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Molecular lines in young PNe  
(Hen 2-113) 
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Summary 
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Summary 

❏  Low- and intermediate-mass evolved stars are ideal test beds for molecular 
astrophysics – unique opportunity to study some processes that only take place in 
the circumstellar envelopes of these stars  

❏  Different initial conditions depending on nucleosynthesis history (C-rich versus O-
rich chemistry); rapidly changing environment – impact of stellar pulsation – 
impressive molecular richness of some sources  

❏  The detection of a large number of water vapour emission lines in the Herschel 
spectra of both C-rich and O-rich evolved AGB stars can be explained if the water is 
formed in the warm inner regions of their envelopes. The high-J rotational CO lines 
detected in these sources seem to trace the same inner regions of the circumstellar 
envelope. Indications of out-of-equilibrium shock chemistry 

❏  Shock chemistry might also be induced by episodic mass loss and outflows in post-
AGB stars and young PNe 

❏  The analysis of a large sample of evolved stars with THROES may provide the wide 
picture missing if we restrict our analysis to only a few individual sources. The data 
is ready for you to use!! 
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THANK YOU! 


